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CE 6250/4110         Fall 2013     3 credits 
CE 6250/4110 -Environmental Systems Modeling and Management 
Meeting Time and Place (TR 3:30-4:45, Rice 032) 
 
Instructor Teresa Culver D207 Thornton      924-6375     tbc4e@virginia.edu
 Office Hours:        W 11-1, drop-in and by appointment 
 
Teaching Wes Zell  B220 Thornton wz4k@virginia.edu  
Assistant Office Hours: M 10-12 or by appointment 
 
Electronic  See the class web page through collab.itc.virginia.edu 
Resources Class information will be posted there, including guided notes and 
electronic reserve readings.  This course is being offered to both on-
grounds and remote students. If you are attending remotely, this course  
will be delivered directly to your computer desktop using high speed 
internet.  Remote students must acquire a headset and use it for class 
participation.  Remote ‘attendance’ will be through Bb Collaborate 
Bridge.  See Collab for further details to ensure successful remote 
participation. 
 As a registered student, you will be enrolled in an email list: 
               EnvSys13@collab.itc.virginia.edu 
 You should check your email regularly. 
Description The course emphasizes the formulation of environmental management 
issues as optimization problems.  Simulation models will be presented 
and then combined with optimization algorithms.  Environmental 
systems to be addressed may include stream quality, air quality, water 
supply, waste management, groundwater remediation, and reservoir 
operations.  Optimization techniques presented include linear 
programming, dynamic programming, nonlinear programming and 
genetic algorithms. 
Objectives: Students completing this course will be able to:  
• Formulate linear, dynamic, and nonlinear programming 
 management problems 
 • Simulate a variety of simple environmental systems 
 • Use computer tools to analyze environmental systems and interpret 
the output to guide management decisions 
 • Learn to present a structured, organized systems analysis 
 • Gain experience reading, reviewing, and presenting systems studies 
  
Notes and Readings 
Guided notes for each lecture will be posted at the collab site. You will need a three-
ring binder large enough for about 150-200 pages, and will need this notebook with 
notes inserted before each lecture.  There is no required textbook.  Most readings will 
be posted electronically through the collab webpage, which is accessible through the 
Internet.  Other readings may be provided through handouts or the Science and 
Engineering Library.   
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Class Decorum 
TURN OFF CELL PHONE ringers before each class.   
 
Attendance 
Your ‘attendance’ is expected at all lectures.  If, for any reason, you miss a lecture, it is 
solely your responsibility to find out what you missed. Through the remote access 
support, all lectures will be recorded and available through the “Course Recordings” 
link on collab.  Attendance for final is required.  If remote students require an 
alternative time for their final that should be arranged before class final on Dec. 9th.  
 
Tentative Course Schedule 
Week of: Topic Reading* 
Aug 27 Introduction 
Problem Formulation 
Loucks2 (Chapter 2) 
  
Sep 3 Problem Formulation 
Linear Programming (LP) 
Bradley et al. (pg. 16-31) 
 
Sep 10  Linear Programming (LP) Wanielista et al. (pg. 354-357) 
Sep 17 LP for Stream Quality  Haith DO Modeling (pg 42-47) 
 
Sep 24 LP for Stream Quality  
 
Thomann (pg. 253-277) 
Wanielista et al. (pg. 362-365) 
Oct 1 LP for Air Quality  
 
Haith (pg. 121-127) 
 
Oct 8 Multi-Obj. and Risk  
 
Loucks2 (Chap 10, section 5) 
 
Oct 17  
(1 day 
week) 
LP for Groundwater Systems Willis & Yeh (pg. 1-9) 
Atwood and Gorelick, 1985) 
(pg. 85-106)  
 
Oct 22 LP for Groundwater Systems 
Dynamic Programming (DP) 
(Pinder et al., 1995) (pg. 59-61) 
Haith (pg. 229-255) 
Oct 29 DP for Reservoir Management  Loucks2 Section 4.7.2 
Nov 5 Stochastic DP  
Nonlinear Programming (NLP) 
Mays (pg 124- 141) 
Nov 12 Case Studies; NLP Hallam  (Matrix.Convex) 
Nov 19  
 
Genetic Algorithms (GAs) 
Case Studies 
Michalewicz (chap 1 & chap 2) 
Nov 26      
(1 day wk) 
Genetic Algorithms (GAs)    
Dec 3 Case Studies/Review  
Dec 9; 9 am Final Exam  
 * Full references given at end of syllabus 
 
Honor System in CE 6250/4110 
The spirit of the honor code is taken very seriously in CE6250/4110.  As a student and 
a person, you will gain the most by adhering to the honor code. To complete 
homework assignments, you MAY NOT refer to homeworks, solution sheets or exams 
CE 6250/4110         Fall 2013     3 credits 
from previous years. Homeworks should be pledged, saying no unauthorized aid was 
used.  With your pledge, you should list, by name, anyone with whom you worked. 
 
On homeworks, you must first attack problems on your own.  You may discuss 
problems and compare approaches or answers with your classmates.  You are 
expected to completely understand and have actively participated in the preparation 
of all material that you turn in for this course.  Clearly, teaching a concept to a 
struggling classmate is quite different from allowing them to copy your homework.  
When computers are used as tools, such as spreadsheets, each student should prepare 
all of their own computer files and output.  Learning to use the computer tools is an 
objective of the course, so turning in duplicates of a single output is not appropriate, 
unless explicit permission to do otherwise was given.  
 
Grading 
 Graduates Undergrads 
Homework (6 assignments) 48% 54% 
Project or Case Study Pres.   8% 18% 
Project 22%  
Participation/Evaluations   4% 
Final  (Mon. Dec 9th, 9-12) 22% 24% 
 100% 100%  
 
I do not grade on any pre-determined curve.  Each student is compared to a standard 
that the professor sets for achievement.  In general, you can assume semester grades of 
90-100% will receive A's, 80-89% B's, 70-79% C's, 63-69% D's and lower than 63% F's.   
In previous offerings to undergraduates, 49% of the class receives A’s, 38% of the class 
receives B’s, 8% of the class receives C and 5% of the class receives D’s or F’s. 
 
Homework 
Homeworks will typically consist of problem formulations and solutions.  A 
structured format for your formulation and analysis will be expected.  Details on the 
required homework format will be provided.  Computer software will be required for 
most solutions. Each of you has the right to turn in a one HW assignment late.  You do 
not need to get permission for your one extension from me.  You must turn in your 
one excused late homework assignment at the next class meeting. 
All: You will need to use an optimization package.  You may choose any appropriate 
computer package, although Solver within Excel should be sufficient for homework 
assignments. 
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Case Studies Presentations 
Case studies will involve reviews of applications of a systems analysis approach to a 
real environmental management problem.  Appropriate case studies will be assigned. 
Details will follow. 
Undergraduates: Pairs of undergraduates will prepare a 15- to 20-minute 
presentation analyzing the approach and application.   In addition, each student 
will be prepared for thoughtful questions in response to the presentations. 
Graduate Students each student will read one of the assigned case studies and be 
prepared for thoughtful questions in response to the presentations.  
 
Project 
Graduate students will perform a quantitative analysis motivated by course material.  
In consultation with the instructor, individual grads or teams of grads will develop 
project ideas.  Options include, but are not limited to, using and demonstrating an 
available environmental optimization tool, linking a systems tool to an environmental 
model of their choice, or comparing performance of different optimization approaches.  
Projects may require use simulation and/or optimization tools more sophisticated 
than Excel and may require programming.  Project deliverables will include a 
presentation and final report. 
 
References 
Readings will be available on electronic reserve through the class collab webpage.  
Most readings will be taken from the following journal articles, texts, and websites: 
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groundwater contaminant removal." J.  Hydrol., 76, 85-106. 
Bedient, P.B., H.S. Rifai, and C.J. Newell, Ground Water Contamination - Transport 
and Remediation, Englewood Cliffs, NJ, Prentice-Hall, 1994. 
Bradley, Hax and Magnanti, Applied Mathematical Programming, Addison-
Wesley, 1977. 
Haith, D.A., Environmental Systems Optimization, New York, Wiley and Sons, 
1982. 
Hallam, Arne, Quadratic Forms and Definite Matrices, available on collab and 
through www.econ.iastate.edu 
Hillier, F.S., and G. Lieberman, Introduction to Operations Research, 5th Ed., 
McGraw-Hill, New York, 1990. 
Loucks, D.P., J.R. Stedinger, and D.A. Haith, Water Resource Systems Planning and 
Analysis, Englewood Cliffs, NJ, Prentice-Hall, 1981.  TC409.L883  [Loucks1] 
Loucks, D.P., E. van Beek, J.R. Stedinger, J.P.M. Dijkman, and M.T. Villars, Water 
Resource Systems Planning and Management, Paris, UNESCO, 2005, available 
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